ABSTRACT. Allergic rhinitis (AR) is an IgE-mediated inflammation of the nasal membranes, which is naturally triggered by aeroallergens. House dust mites (HDM) are the most common inhalant allergens. Interleukin-18 (IL-18) has been established as an essential cytokine that can activate the generation of IgE. This randomized controlled study aimed to identify the possible relationship of the genetic variations in the IL-18 gene with AR in mite-sensitive Thai patients. Study subjects consisted of 150 AR patients and 50 normal participants. Genomic DNA of 30 randomized AR patients and 30 randomized controls were screened by sequencing for the selection of candidate single nucleotide polymorphisms (SNPs), and further analyzed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay for all subjects. The following five SNPs were detected in the IL-18 gene: -656 G/T, -607 C/A, and -137 G/C in promoter 1 and -920 C/T and -373 C/G in promoter 2. The results showed that -656 G/T and -607 C/A SNPs were significantly correlated with IgE levels specific to Dermatophagoides pteronyssinus (Der p) allergen (P = 0.045 and P = 0.045, respectively), and significant differences were observed in the genotype distribution of AR patients when compared with controls [P = 0.044 and P = 0.044, respectively; odds ratios (ORs): 1.941 (95%CI, 1.014-3.715) and 1.941 (95%CI, 1.014-3.715), respectively]. Our findings indicate that the IL-18 alleles, -656T (rs1946519) and -607A (rs1946518), might be associated with the higher production of Der p allergen-specific IgE in mite-sensitive AR patients.
INTRODUCTION
Allergic rhinitis (AR) is an IgE-mediated inflammation of the nasal mucosa, which is characterized by rhinorrhoea, sneezing, nasal congestion, and nasal pruritus. Currently, AR is considered the most common allergic disease, affecting 9 to 42% of the world population (Settipane and Charnock, 2007) . In Thailand, the prevalence of AR has been estimated to be as high as 25% (Bunnag et al., 2009 ). Hypersensitivity to HDM allergen was found to be 60-80% among the allergic Thai population (Kongpanichkul, et al., 1997; Bunnag, et al., 2000) .
Allergy is caused by an interaction of the genetic and environmental factors (Jenerowicz et al., 2012) . Indoor allergens derived mostly from house dust mites, cockroaches, cats, and dogs are the predominant cause of allergic stimulation in atopic patients (Salo et al., 2008; Pawankar et al., 2011) . House dust mites (HDM), Dermatophagoides pteronyssinus (Dp) and D. farinae (Df) , are regarded as the major sources of indoor allergens (Platts-Mills, 2007) . In predisposed individuals, the initial exposure to HDM allergen leads to an activation of the allergen-specific T helper 2 (T H 2) cells and IgE synthesis called allergic sensitization. After the re-encounter of allergen, IgE cross-linking leads to the degranulation of mast cells and development of typical allergic symptoms.
Although extensive research has been conducted on the influence of genetics in asthma and atopic diseases, genetic involvement in AR has garnered far less attention. Most studies that have investigated AR in Asian populations were conducted in Japan, Korea, and Singapore; however, no study has been reported from Thailand. It has been postulated that AR is regulated by T H 2 cells (Dávila et al., 2009) . A number of genetic studies of single nucleotide polymorphisms (SNPs) involving genes encoding molecules that cause AR have been grouped as chemokines or their receptors, interleukin or their receptors, leukotrienes, and eosinophils (Dávila et al., 2009 ). The SNPs of T H 2-cell cytokines, such as interleukin IL-4, IL-5, IL-13, and IL-18 are reported to have associations with asthma and AR (Risma et al., 2002; Moissidis et al., 2005) . In recent years, there has been an increased interest in the role of IL-18, given its capability of having both anti-allergic and allergy-promoting effects (Nakanishi et al., 2001 ). This cytokine is also known to influence the balance of T H 1/T H 2 immune response (Izakovicova Holla, 2003) and allergic inflammatory reactions by upregulating IgE production, as well as inducing Th 2 cytokine secretion, such as IL-4 and IL-13 (Tanaka et al., 2001) . Atopic patients with exacerbation of asthma, atopic dermatitis, and AR have exhibited rising levels of IL-18, either in the serum or nasal secretions (Wong et al., 2001; Verhaeghe et al., 2002; Yoshizawa et al., 2002) . Taken together, these aforementioned findings suggest that a genetic variant of the IL-18 gene might have an effect on T H 2 function by elevating the production of allergenspecific IgE. In addition, some previous studies found SNPs in IL-18 promoter regions -656G, -137C, 113G, 127T, -133G, and -607A/C to be associated with AR (Kruse et al., 2003; Lee et al., 2006) . Accordingly, the aim of this study was to investigate the association between the following SNPs in the IL-18 gene that might influence the allergen-specific IgE levels against D. pteronyssinus and AR in Thai patients:
MATERIAL AND METHODS

Study population
This randomized controlled study was conducted at Siriraj Hospital from June 2012 to June 2013. Siriraj Hospital is Thailand's largest national tertiary referral center. This study consisted of two groups -the allergic rhinitis (AR) group (study group) and the control group. The inclusion criteria for AR patient group were the subjects, who were definitively diagnosed with AR according to the Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines with a positive skin prick test for D. pteronyssinus. While the subjects in the control group were healthy volunteers without any chronic diseases that had negative skin prick test for HDM. Selected study group participants were of either gender, at least 18 years old, and had attended the Allergy Clinic at the Department of Pediatrics or the Department of Otolaryngology, Faculty of Medicine, Siriraj Hospital, Mahidol University. The participants in both groups, who had not been tested for skin prick test and the patients who took antihistamine drugs within seven days before blood collection, were excluded from the project.
Five milliliters of venous blood sample was obtained from each individual subject and treated with EDTA. Each sample was processed immediately to separate plasma and harvest leukocytes. Subsequently, both parts of the samples were individually stored at -80°C until use. The IgE levels specific to D. pteronyssinus allergen in plasma samples were analyzed using ImmunoCAP ® 100E automated system (Phadia Laboratory Systems, Uppsala, Sweden). The cutoff point between the CAP-positive and CAP-negative samples was 0.35 KAU/L. A written informed consent was obtained from all subjects prior to their inclusion in the study. The protocol for this study was approved by the Siriraj Institutional Review Board (SIRB), Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand (Si 583/2011).
DNA extraction
Three hundred microliter of the harvested leukocyte sample was used for genomic DNA extraction using a FlexiGene DNA Kit (Qiagen, Hilden, Germany) according to the manufacturer's guide. DNA concentration was measured using the NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Purified DNA was stored at -80°C under slightly basic conditions (Tris-Cl, pH 8.0). A polymerase chain reaction (PCR) was optimized for 200 ng of DNA. The selected primer pairs are shown in Table 1 . 
Direct sequencing
Thirty randomized AR patients and 30 randomized control subjects were screened by sequencing for the selection of candidate SNPs in promoters 1 and 2 of the IL-18 gene. The genomic DNA of each region was amplified by PCR using the appropriate primers (Table  1) . For promoter 1, the PCR was performed in a 25-µL reaction mixture containing 150 ng genomic DNA, 300 µM dNTP, 2.0 mM MgCl 2 , 0.5 U HotStart DNA polymerase (Kapa Biosystems, Inc., Wilmington, MA, USA), and 0.3 µM each primer. The PCR amplification was performed using the following reaction conditions: initial denaturation at 95°C for 5 min, followed by 25 cycles of denaturation at 98°C for 20 s, annealing at 66°C for 15 s, and extension at 72°C for 20 s, followed by a final extension step at 72°C for 5 min. For promoter 2, the PCR was performed in a 25-µL reaction volume consisting of 150 ng genomic DNA, 200 µM dNTP, 1.5 mM MgCl 2 , 1.5 U Taq DNA polymerase (Thermo Fisher Scientific, Inc., Waltham, MA, USA), and 0.32 µM each primer. The PCR amplification was performed using the following reaction conditions: initial denaturation at 95°C for 10 min, followed by 30 cycles of denaturation at 95°C for 1 min, annealing at primer-specific temperatures for 45 s (Table 1) , and extension at 72°C for 45 s, followed by a final extension step at 72°C for 10 min. Detection of SNPs was confirmed by oligonucleotide sequencing (DNA sequencing) and comparison with sequences in the National Center for Biotechnology Information (NCBI) GenBank database (NCBI Reference Sequence: NG_028143.1).
PCR-RFLP technique. PCR for -656(G/T) genotyping was performed with mutated primers, introducing a restriction site for RFLP analysis of the respective genotype (Table 2) . PCR was performed in a 25-µL reaction mixture comprising 150 ng DNA, 200 µM dNTP, 1.5 mM MgCl 2 , 1.5 U Taq DNA polymerase (Thermo Fisher Scientific, Inc., Waltham, MA, USA), and 0.32 µM each primer. The amplification was performed using the following reaction conditions: initial denaturation at 95°C for 5 min, followed by 30 cycles denaturation at 95°C for 1 min, annealing at primer-specific temperatures for 45 s (Table 2) , and extension at 72°C for 45 s, followed by a final extension step at 72°C for 6 min. The amplified product was digested with enzyme HpyF10 VI (Thermo Fisher Scientific). For determination of -656(G/T) polymorphism, the PCR product of the 120-bp DNA segment was digested with HpyF10 VI (Thermo Fisher Scientific), and the amplicon of the 301-bp DNA segment was digested with Tru1I (Thermo Fisher Scientific) to verify -607(C/A) polymorphism. Each digested DNA preparation was subjected to 4% agarose gel electrophoresis followed by ethidium bromide staining. The electrophoresis results were visualized and recorded using a Gel Doc 2000 gel documentation system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). A Fermentas GeneRuler Low Range DNA Ladder (Thermo Fisher Scientific) was used as a DNA size marker in each gel slab. 
Statistical analysis
Data analysis was performed using the software SPSS for Windows version 16.0 (SPSS, Inc., Chicago, IL, USA). Results are presented as numbers and percentages or means ± standard deviations (SD). All SNPs were checked for conformation with HardyWeinberg expectations (HWE) using Michael H. Court's (2005 Court's ( -2008 online calculator (http:// scienceprimer.com/hardy-weinberg-equilibrium-calculator) (Wigginton et al., 2005) . The Mann-Whitney U test was used to compare the wild-type and variant genotype frequencies with allergen-specific IgE. The comparison of the allele and genotype frequencies and the association between polymorphisms and AR patients and control subjects were examined for statistical significance using the Pearson chi-square test or Fisher exact test. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to assess the relative disease risk conferred by a specific allele. A P value < 0.05 was considered statistically significant.
RESULTS
One hundred and fifty AR patients (61 men and 89 women) and 50 control subjects (14 men and 36 women) were recruited and genotyped for IL-18 polymorphisms. Demographic and clinical data of the study population are shown in Table 3 . The mean ages of AR patients and control subjects were 31.93 ± 12.42 and 26.34 ± 6.52, respectively. The gender ratio (male:female) of control subjects (1:2.57) was higher than that of AR patients (1:1.46). The mean specific IgE level of the AR patient group (15.72 ± 26.59) was significantly higher than that of the control group (0.11 ± 0.13). The allele frequencies of AR and control subjects are shown in Table 4 . In genotype analysis, all SNPs had no deviation from HWE (P value > 0.05). No statistically significant difference was observed in the genotype polymorphisms between the AR and control groups at all studied positions of the human IL-18 gene (-656, -607, and -137 in promoter 1; and, -920 and -373 in promoter 2). However, among the analyzed SNPs, the genetic variations in -656 and -607 were likely to correlate with AR or IgE production in patients. Consequently, the polymorphisms -656 and -607 were selected for further study by PCR-RFLP. For -656 G/T, the DNA restriction fragment from TT homozygous individuals was 120-bp fragments, whereas the HpyF10 VI enzyme cut DNA from GG homozygous individuals into 96-and 24-bp fragments. DNA from GT heterozygous individuals showed the expected fragments at 120, 96, and 24 bp (Figure 1 ).
For -607C/A, DNA from CC homozygous individuals was cut into 199-, 72-, and 30-bp fragments, whereas Tru1I enzyme cut DNA from AA homozygous individuals into 101-, 98-, 72-, and 30-bp fragments. DNA from CA heterozygous individuals showed the expected fragments at 199, 101, 98, 72, and 30 bp (Figure 2) . No linkage disequilibrium was observed between the -656 and -607 SNPs in the IL-18 gene. Correlations between Der p allergen-specific IgE levels and variant genotype of SNPs -656 and -607 in the IL-18 gene (P = 0.04 for both) are shown in Table 5 . Genotype and allele frequency distributions of -656 and -607 polymorphisms in the IL-18 gene are summarized in Table 6 . The median specific IgE level was significantly different between the wild-type and variant genotypes (P = 0.045). The -656 and -607 variant genotypes were found to be significantly associated with allergic rhinitis (P = 0.044).
DISCUSSION
Human interleukin-18 (IL-18) was formerly referred to as interferon-γ (IFN-γ)-inducing factor because it controls the production of interferon (IFN)-γ. IL-18 regulates both innate and acquired immune responses, as well as T-cell differentiation. Major sources of IL-18 are macrophages and dendritic cells. It has been established that the serum IL-18 levels in AR patients (Verhaeghe et al., 2002) , allergic asthma (Wong et al., 2001) , and atopic dermatitis (Yoshizawa et al., 2002) were higher than those in the normal controls. These findings suggest the suitability of the IL-18 gene as an excellent candidate gene for further studies relative to its involvement in AR (Koppelman et al., 2002) and mite sensitization (Kurz et al., 2000) . Various SNPs of IL-18 have been reported to be associated with AR in different races from different parts of the world (Verhaeghe et al., 2002; Kruse et al., 2003; Moissidis et al., 2005; Lee et al., 2006; Sebelova et al., 2007; Dávila et al., 2009) ; however, no studies have been conducted in the Thai population yet. In the current study, we set forth to investigate the association between SNPs in IL-18 that might influence allergen-specific IgE levels to D. pteronyssinus and AR in Thai patients.
Our investigation focused mainly on the mite-sensitive subjects as 60-80% of the Thai atopic patients are allergic to this allergen and mites are considered the most common allergen in Thailand. A promoter of IL-18 is a fragment of DNA that specifically instructs its transcription. A mutation in the sequence of a promoter, transcription factor, or transcription co-activator might influence its function or protein synthesis, which is proposed to be the etiology of various diseases, including allergy. We, therefore, set forth to explore the variation in both promoters of the IL-18 gene. Polymorphisms in promoter regions would disturb the protein sequence of IL-18 and its production, which in turn, could affect IgE synthesis and lead to the development of allergic diseases. Conversely, mutations might not influence its protein sequence, but could cause changes in its production. Collectively, these changes result in immune responses that are mediated by IL-18 and that might be linked with a range of immunologic diseases. Our previous findings also demonstrated that IL-18/IL-133 polymorphism was significantly associated with Der p allergen-specific IgE in AR (P = 0.025), but not in allergic phenotypes. (Jumpasri et al., 2014) . The expression of IL-18 is regulated by two TATA-less promoters; one upstream of the untranslated exon 1 and the other upstream of exon 2 (in intron 1) (Tone et al., 1997) . The lipopolysaccharide (LPS) is able to induce the upstream promoter, and the downstream promoter demonstrates constitutive activity (Kim et al., 1999) . It has been documented that the activated macrophages and T-cells were upregulated by promoter 1 of IL-18, whereas the activity of promoter 2 was constitutively noticeable (Tone et al., 1997) . The SNPs detected in promoter 1 (-137C), exon 1 (113G and 127T), and promoter 2 (-133G) showed strong association with atopic phenotypes. These SNPs were significantly associated with high IgE levels (P ≤ .005; OR, 3.27-3.96 (Kruse et al., 2003) . These findings suggested that mutations in both promoters would involve allergic diseases. We, therefore, started by attempting to identify candidate SNPs in promoter 1 and 2 of IL-18 by direct sequencing of 30 AR cases versus 30 normal controls. We found that SNPs -656 and -607 showed a higher tendency to correlate with AR than the other evaluated SNPs (Table 4) . Accordingly, these two SNPs were selected as the candidate SNPs for further study in all subjects by PCR-RFLP.
Although these polymorphisms were reported to be related to the allergic phenotypes, conflicting results regarding their relation to different allergic diseases were found in the literature. Correlation of IL-18 variants with AD was reported in a German population (Kurz et al., 2000; Kruse et al., 2003) . Association with asthma was detected in South Korea (Shin et al., 2005) and in white populations (Kurz et al., 2000) . Conversely, a study in atopic Czech patients showed negative association with IL-18 variants (Sebelova et al., 2007; Izakovicova Holla et al., 2010) . These findings suggest that the phenotypic results of the IL-18 promoter polymorphism might vary by both environment and ethnicity. Moreover, the association of genetic variation with the severity of allergic diseases has been noted in the Egyptian and Korean patients (Shin et al., 2005; Imboden et al., 2006; Ibrahim et al., 2012) . Our results showed that the median-specific IgE level of the wild-type genotypes was significantly different from that of the variant genotypes for both -656 and -607 SNPs (P = 0.045). IL-18 is known to influence the balance of Th1/Th2 immune response (Lee et al., 2006) . This cytokine is involved in the allergic inflammatory reactions by indirectly inducing B-cell isotype by switching to IgE and inducing the production of Th2 cytokines, such as IL-4 and IL-13 (Nakanishi et al., 2001; Risma et al., 2002; Moissidis et al., 2005) . A higher amount of IL-4 and less IFN-gamma was detected in the mite-specific clones from the subjects with high levels of allergen-specific IgE than in those from the patients with low levels of allergen-specific IgE. The production of IL-4 is relevant to the synthesis of mite allergen-specific IgE. These results suggest that IL-18 and T-cell receptor-mediated stimulation with allergens, such as house dust mites, would stimulate IgE production. IL-18 polymorphisms at the -656 and -607 positions would reflect upregulated IgE production.
A number of studies have established the association of AR with other cytokines and genes such as IL-6 (Zhao et al., 2016) ; IL-10 and TGF-β polymorphisms (Nasiri et al., 2016) ; IL-12B (Wei et al., 2016) ; IL33/IL1RL1, IL-13-RAD50 and C11orf30/LRRC32 (Li et al., 2015) ; JAK1 gene polymorphisms (Shen et al., 2016) . In contrast, Henmyr et al. (2016) found no associations between the genetic variation in TLR8 and AR. Moreover, a study on a North Indian population showed that the IL-18 -137G/C polymorphism conferred a significant protection from asthma. (Birbian et al., 2013) .
The -656 and -607 variant genotypes were found to be significantly associated with AR in Thai patients (P = 0.044). Eight common SNPs in the IL-18 promoter region were reported in a German population, and among those, five SNPs (656G, 137C, 113G, 127T, 133G) were associated with AR (Kruse et al., 2003) . Our finding is relevant to that report, but only for the IL-18/-656 SNP. The IL-18/-607 SNP was found to have no association with AR in that study, which contrasts with the results of the present study. The allele A at -607 in the IL-18 gene was found to be related to the development of AR in a Korean population, which corresponds with our result (Lee et al., 2006) . Due to the fact that polymorphism is functional, the susceptibility to common disorders among different populations appears to differ as a result of ethnic differences and environmental influences. Moreover, alterations in exposure to specific environmental factors might lead to the expression of atopic phenotypes in the previously unaffected genetically susceptible individuals. By determining the significance of a polymorphism in a candidate gene in an allergic disease, it might be possible to predict the susceptibility of a particular individual to that disease. The early detection of individuals at risk for allergic diseases would facilitate the improvement of existing health measures and the development of new preventive public health measures. Moreover, the knowledge gained from the investigations similar to the present study would be directly applicable to the development of new therapeutic strategies.
Further studies should investigate the association between -656 and -607 SNPs and other allergic diseases in Thais, such as atopic dermatitis and asthma. We should also endeavor to study the potential effect of the -656 and -607 SNPs on the expression of the IL-18 gene, cytokine function, and serum levels of IL-18.
To the best of our knowledge, this study is the first to explore the association between IL-18 gene polymorphisms and AR in Thai patients. Our findings demonstrated that -656(G/ T) and -607(C/A) polymorphisms in IL-18 gene are significantly associated with AR in Thai population. Moreover, the -656 and -607 variant genotypes are associated with to Der p-specific IgE levels when compared with wild-type genotypes. Therefore, the analysis of the IL-18 gene might be useful to further investigate the allergic diseases, especially AR, in the Thai population in the future.
Conflicts of interest
The authors declare no conflict of interest.
